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(54) DIFFERENTIATION CIRCUIT 

(57)Abstract: 

PURPOSE: To differentiate an input signal in the configuration of sampled analog 
currents by providing first and second current memory cells, and a switcher which 
switches in a sampling cycle. 

CONSTITUTION: This circuit is provided with a first current memory cell provided 
with a capacitor C2, a switcher S2, transistors T2 and T3, and a second current 


memory cell provided with a capacitor C1, a switcher S1, and a transistor T1. The 
switchers S2 and S3 are closed in each sampling cycle &phiv;1, and the switchers S1, 
S2 and S4 are closed in each sampling cycle &phiv;2. Then, currents obtained by 
subtracting proper bias currents and currents generated by the transistor T1 from the 
input currents are supplied through the switcher S3 to the first current memory cell in 
the sampling cycle &phiv;1, and the currents obtained by adding the proper bias 
currents to the input currents are supplied to the input of the second current memory 
cell in the sampling cycle &phiv;2. A differentiated output signal is used by an output 
1 7 only in each sampling cycle &phiv;2, and otherwise used by an output 1 5. 
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TV'S, h 5 V yx *T65 © K U<f VfcffittiE© 
^mK62lC«a®66*^Lrfc«fcy h 5 y^X* 
T61 CKU< >«ffifcMfflKS64 ^Mtg^S 
ntl'5, h 5 y-yx*T66 © KU"f >ffig«lll 
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■CI'*. 

miffi i. ttffl*67*&JRliJ3ftTfiJfliSft*. M 

^ggsc2 <ts63 a&iryy; rmwomftt 1 © 

IBI*mi;*tu -#SBGH8$61 iS64 liStvy 
M y^BJH©«£* 2 OMttfRtt 6*1-5. «»B 
61. 64, 65,66 &68(i«ttJ. j,2j, j <!: Aj* tl^ttS 
8£*--£o r5yyx*T62 £T63 Ck OBl&Z 

y y X ? T64. 765 £T66 -?J&lj£ 3 *l * mSiU 
?-0»til : 1 : AOVMteWf*. 
IB 6 0lc^£n5&#f|©I&ff ttIilT©<£ -5 K 

Wftsns. -v-yy; yrflJH(n-i) ©sb#* 2 
©pjijc 1-5 >-yx^T6i s-jgsmain.tiss; 

li = jti(n-l)H.(n-l)/A 

tV^J ^^»ln©9!^# 1 ©Sic h 5 y y 
X?T62 *ifi5Si5iItl*i^©5:t , -^^6n5 <> 
Ii=2jH(n)-|i 


=2jti(o)-(j+i(n-l)+i.(n-I)/A) 
i j+i(n)-i(n-l)-i,(n-l)/A 
i.(n)=AJ-f,»A(i-!.,)=A(j-I«) 

=Ai-A(2/-| 3 ) = -Aj*AI,=-Aj+AI, 
•etlft lt = JH,(n)/A, 

* LTjfi.(n)/A=j + I(D)-i(n-l)-io(n-l)/A 
io(n)H,(n-l)=A(i(n)-I(n-l)) 

io(z){lU-')=Ai(z)(l-j-') 
H(i)*li(i)/i(x)>A(l-z- , )/(l*s- 1 ) 

^B9»H(s) = sCRT s-(2/T)((l-z- l )/{ltz-'))<»: 
< C i IC 3 C -CA=2CR/T „ 

ouous time 

lossy differentiator)*-**)/-*' „ $ 9 - yi * -f 
5 -¥»£SrTT*g*&#g&Jf5SS©*Sfi;!ic:& 

5«»iua©a5©iijfiw«-^-r 0 ^7Ei^©r 

i < Z.®fa9t®nitJ - K (node)72 K|$*£3n 
•SA^ISr'tLTl**. y - K72KW* 3 -3© 
MS!g§S71 *£S73 © 1 , 2oOnf t** 


1-7 y -yx *T71 £772 <D K U-f >StS 
<!:. ^»Sii73© 1 tlTC* 5 o *Ij«73 

©fl6JStiiE©^m«S74»c^gsssn, -^hy>y 

X?77t £772 ©y-X«*gl4ft©$$^S&75Uf£ 

es*nrir»i 0 BflfflSS7i ©fiigti 5 y. yx t 
T7i ©r- hmgiftfej»*<ft©i&m?&75^i«fi!$ 
nS3v?yiK7i £©&£.&£&;&;* ttTus. 

MfflSS72 ©ftkiSSii h 5 y y X ?772 ©y- 
tt£<fe»*<ft©ia*ft^»gtSttS a y-r y^C72 
i©«^.*|-^rc*nTt.'5o h 5 y yx*T72 
©r- h«&tt 2 -3©53l]© n f- **;H8S?2&f!l r 

7 y-yx^T73 £T74 ©y- hmffi«c^8j*nT 
v»*o h ? v y x *T73 © y -x«gttft©i£m 
»7s--^^$n, -^-e© k U'f ymgt±s8^g 

S73 ©«£Sffiag76£/rLTiE©*£l8&74»::f£ 

fiShTus.. h 5 yy**T74 oy-xn.mt 

ft©l&«K75'sfggE$n, -KOFUOii 
(4 & 1) » T 77 i m iffi S 78* ^ L T HE © ig S K74 1 

m^KmLKn^m. i t4A?j7i^E(]fti^ntfi^ 


Wm-T 3-1 UU / 84 


€ fait t* tu^m-ic mmmi2,n am 

ma!i2i.Bj £Aj*n*'tt£?8£-r<& c Y y > -J X 
?T72.T73 4T74 IC«fc *) JgjjJcS tlS 3& S ? -@ 
»<*«ttJtl : B : A^Wt S. 53138572 4 S73 

©fKEHCt-n*. . 

SR 7 H*a^Eltt©»ft«:JBlT©«k ScfWlfr* 
t>r'J v^/§8|(n-l) ©fii#<S 2 ©Bk 

1 i-EJtl(n-l)-li 

=2 j + i Cn-1>-I */A 

=2j+i(n-l)-(Aj-i,(n-l))/A 
'j+i(n-l)fio(n-l)/A 

l,=2jli(n)<Bi,(n)/A- I, 
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--2J + i(nUBio(.n)/A 

-(j*iCn-l>+i.(n-l)/A) 

=jti(n)-i(n-l)+Bi,(n)/A-i,(n-l>/A 

i n <n >=A J -I « =A( j- 1 e ) 

=Aj-A{j+i( n >-I(n-l)tBi,(n)/A 

-io(n-l)/A) 

=-A(i( B )-i(n-l))-Bi,(n)tio(n-l) 

z K *4 >KgJft*-ftl* 

i.(z)(HB-z-')=-Ai(z)(I-z- 1 ) 

IKz)=-A{]-z-')/(lrB-z-') 

-A(l-z-')AHB) 

= (2) 

l-z-/(ltB) . 

a k ■» w« 5^tt^» » «(i s a © a tb ^7 ng ic sij 
>r>-ft\m^LTm i ansae 

c ©n*iS«-2i©feiiMiaA< 


Hl/sClR I+l/Sr 


/T4*>'< 4H(z) = -x/(l»T/U-z ciTTIi 

„. , -x(l-z -')/(l+T/ t ) 

H(i)= ; (3) 

l-r'/dtT/r) 

C CTx=C/Cl. T=ClRr*So 

MfRA(S) fiNft£<3} £**£.ti, ;;t 
A-x, 8=17 r?i5, ^SWlcm 7 E3^«»[Bl?St4 

H(z)-x/(JtTz-'/(l-z-') r ) 

=x(l-z-')/(l-{L-T/r )z-') (4) 
4 X 5 „ 

^-^«*S6ff ^*«5fett»S©JBJS©*SB 
WtefS**ailR©» 6 OS**!***. 3ft 8 Bi 
t*trt < aa-BRl'iy - K82Kt£&£n£A 
^81?SUl»5. ^ - K82t:Ji 3 o©WB3SS8 
1.S82 £S83, 2 o© n 9» + */U«fttt« h 5 >J> 


X^TBl 4T82 © KU"f >flS«, fc i CFfl&Jg^IE 
©IS*»84K»tt3 n*a«E«83© 1 3S8»<}g&* 
tlTV^o RII3J3SS81 -©flfeJgtt h 5 >i>;**T81 

©y- K«is4{teffi*<^©^is»85ic!f rtjni 

3>-rV1*-C81 © 1 J£4©$£,<&Kt£ g$ftTU 
5. 9flKgS82 ©flfcSSli h ^ >i>*M82 ©y- 
h*ai««#ft©l&*»85fc«*Sh* a 
>tC82 © 1 *4©*^jftCtttt4nTl»*. h 
5>i>X?T81 4T82 ©V-Xf glitO^K 
85ICJ£&$ ttTl**„ h 5 >v> X^T82 Of- Y 

«si±y-xmffi*<ft©^«K85»c^^$n k u 

-f >mS*<iE©*&S?S84«cm«iii86*^LT^UE 

sninf + h -7 v 5T83 ©y 

- h^®tC^SS$tlTV»5„ H5>i?X^T83© 
K U"f V*«tty-x«**<ft©l&«»85lc«tt 
Sn* n * + *;l/m^JEft^ h 5 > V X 5- T84 © K 

X?T84 Of - 2 ocogil© n f + 

S3** h 7 >xX?T85 <bT86 Of - h«fit«cffi 


uu 


nm-^ 'j - i u u 


&©£f6I&85ICl£*££*U -;£-£© Y V 4 ^fg 
li M Efl 2S 8 3 © fb tSt t n sS 2? 8 7 £ ft L T iE © £ 1 IS 
84£ ICfg&S ftT^-So F5>y^?T86 CV- 
^mffi«&©!^m?&85(cK^$n v -^^0 KU 

i?ft<=BLA*«Sft i l±A^8UrEPJ!in£ftdi;fj 
««ii.l;l:.4l7788K5££-f 1^^83. 86,87^89 
(ittffizj. 21, Bji Ai^n-e'n*5i54-r* 0 h 5 v 
1?X?T82 £T83 KJ: ft* *8E 5 7-0 

S&tt 1 : 1 ©«flttt*Wl,* h7 >v>7.*T84. 

T85 iT86 IC J; *3 tlZmfil i ? -ES&li 1 

: B : AOm«£tt.*Wri. P3ISSS82 

7 'J >^/UJfl©6B#tf L ©Hffltt»n, -^iffl 

SS8I £S83 tt&tfv^M >7%me>Wft4> 2 © 

W 8 ig*ES&©!!(flUietT©J^ Kf#W£tt*. 
■*>7 >) >rf$WHa-l) ©ffi#tf 2 <OfSl V 5 > » 
**T81 *a6«*ttJHT©B8ft*5-*4. 
! ,=2j+i(n-l)tBi.(n-l)/A-l, 
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I s = 1 *=2i - 1 « =2i-l ,/A 
=2j-(j-i.(n-l)/A) 
= i+i«(n-D/A 
CCT-I*. h7 vyx*T83 f TB4 fti' 

*ft& l,=2i + i(n-l)fBic(n-I)/A 
-(j+i Q (n-l)/A) 
=j+i(n-l)-(l-B)i.(n-l)/A 

>j >ymmnaw>9t4> 1 ©rasas 
©m*"C4a. ^ns. 

I,=2j+i(n)-h 

=2iH(n)-(jH(n-n-(l-B)Jo(n-l)/A) 
i.(n)*A(.I,-j). 

=A(l(n)-i(n-l)+(!-B)i,(n-l)/A) 
i,(n)-(l-B)i.(n-l)=A(i(n)-i{n-D) 
z V / 4 >\zmfe+Z t 
iotzHl-O-Bh-'^AHzHl-z- 1 ) 
Ad z"' ) 

H(z) = (5) 

l-(l-B) z-' 


£(5) (i5S(4) l-2?<£3ft, ;oe?B=T/rT* 
ft->T3? 8 H*llR-li&M*lim&ft#&a7 
&tt3ffltt$ft£8©jKttJ£3ft s ->(2/T) 

(<i-2-')/(uz-')) A<«fflsnsB#icfi % 

raflKSH(s) = -x/(l + l/s) *t>z K;< -f >^©3f# 
ti£lT©«t -JKtt*. 
-x 

H(z)= 

T ltz"' 

H - 

2t 1-z 

-x(l-z-') 

I-z-'tT(ltz- l )/2 r 

-x(l-z - 1 ) 

l+T/2r -2-'(l-T/2r ) 

-x(l-z -')/(UT/2 t ) 
1-z-'(1-T/2t )/(HT/2t ) 


-x(l-z-')/(HT/2r ) 


5U6) tt*(4) JC^fifeoJ^-C X-xO+T/ 2t ) 
ti .fc tfT/r->-<T7 t )/(HT/2r ) T'* S„ 

*X*T91 © >««£©££&<;:&&* ft 

SA^90£WiT**&<??i;:&.&?a£[p]»©j& 7 © 
*ffifll£*-fo Sii£®9I©fll!JjgttiE©l^SK92lc 
S8*n« h ? ?T91 <D7-^«g|j 

ft©^1K93twS^snxv^ 0 a h 

7>^x^T9i © kw >tr- hmffiiaic^ts 

X^T91 © KU* >«ei«eS®94*i«fcCFp * + 
*^m^J5ftf& h 5 ?T92 © K U -f vmffi© 


■raTflO-T- 3 J U U / 8 4 


tt£©&«»93f;:&&;*ft, F 5 Vi>X:?T92 

§flBfl§f592 t± F 5 >:*X*T92 ©y-Fi FU-f 

>«*sra«c^issn^ -ft? >-?>-t-c9z itze> 

f- F t V-xmffifBIK&ljgSttTU*. F5V 
•;>x?T92 ©y- hSSli v-x^ffid<JE©j&m 
K92IC^«6Sn KU-f >-mffi*<t±1^95i:«8gil96 
«-^LTft©^m«i93<!:fC©«£*n5 p ^ 

h 5 >y x^T93 ©r- f K&ejsnT 

^«3ii««tb^95-C564r5. Szfidft9l£ 94li« 

«rags9i >sr®tn<D%i&</> 2 wiz 

man, -^hrbss92 ts93 > 

ZZVli. l f *Jj:C;i,li F 5 >>'X:5'T9].T92 fe 

«tcfT93 -c-n-en^a^msfirASo 
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t^r^rawtn-i) ©$#0 2 ok 

1 i=J* i(n-I) 

* >7 'J >/i«nO«S!»0 1 ©Rg 
li*itIi-i(n)-j«-i(DH jH(n-l) 
= I,/A=JH,(n)/A 
io(n)/A=-i(n)»i(n-l) 

i.(z)=-Ai(z)(l-2-') 
H(2)«-A(l-r') 

uis^^^ia^g^i©^'-,- ^ 7- k ^-(7- 

Wt>*xc{S^S0flfi©JK®»i^ffii40^2iS> * 


*<til^95»c»^$n5/:5 ■5. 

aswia^ig©8i|ojB)SS-p* 5„ 

*tttt««t®20l t n f- 1 4. /l^«»S»m h 5 V 
i>X?T201© KU-f >m^i©S!^^lctS1t-S 
A^J200 *MTK5„ MBJg§S201li F ? >i> X 

*T2oi© Ku-f >ty- Fts*iiy)<cjg&s*u - 
«g6*nT05„ s«Eii2oi ©fife*smiE©&ms& 

202 »cf£i&*ft> -ft F 7 >^X^T201©y-X 

«ffi(i^©i&«sS203 Kig&^n-rn*,, f?> 

i>X*T201© KU-f >«ffi(i58BBSS203*^L-C 
«St®204 tnf /HSJ^S&S F 5 > v> X * 
T202O KUY>3ffi£©i$&/SLfc&«S$tlTl.'So 
mj6®204 ©ft!li8ttiE©$&«K202 C&&sn. 
— ft F5 V^X^T202©V-X«gJifiOtetSK 

203 'N&ttSttTO*., F5 >:>X*T202© Y \s 

4 >ssti-e-©r- hfl|g'v§fl^|gs202-S:^Lr 
&&;*fu —^3 >-r>-^C202i±-e-oy - Ft'; 


-xmfife1lwKgJ*nTI-»5 0 F 5 V i> X * T202 
© FI/-f >m«{4 V-X^g«<ftOi^m?S203 
te&ZtlZ n f- + F5>v»X £T203 

© K L"f >m^{-SSRB3sS204-£r^ LTff iXT 
M$ll?§S205»a F 5 > i?X^T203©y- F t 
K U-f >Ht£flJm&8c£ tt s — ^3 V-r>-^C203 
fi*©y- Ft 7-xmffifiSJK££S;*nTi«>.5o 
F7 > >>X ?T203©y- FmSliV-X«1SA<ft 
©&B&203 K&mztiz n ^ **;um#$d3l F 
7 > -^x^T204©y- FM^KKSnT^*, 
F 5 > i?X ?T204© F* l"( Vtgg»iiE©<&ma202 
fc^ataf.206 ^fl-tT'eLTF'5>^X^T201© 
K U-< >S«S'sSfiEBSS2065r^ : LT^^$nTl> 
5. F5 >^X^T203© F'U-f v«ffi(it|»S^205 

tT!EO^Sa202 ^S^nTUS,, F5 
> i>Xi?T202©y- FmSl±V-X«ffi/.<A©^ 
«K203 ^S^$ti5n ? + *;mf?5Hrfll F5> 
i?X^T205©y- FSg^e^TUi. F5 
vyx.?T205© F* H" >«1i«£b^207 
208 -Sr^-LTEO)tSm»202 t^^Sg^nT^S. 


204, 205 1 206 iiMM j * 2S£-*- * 
<fc ?&*£E£ft,. -"55-m«EaS20a (Stt«tA|€-f| 
ftt«J:?SS^TU5. h7>^X^T203i 
T204li|3 t *• r * + * A<fijfc £Wf £ «t 

•?£SSft*ftT«IJ!flgS205j!><f!fll; 

5 V v>X:5'T202t T205CJ: »5 J£l£;*n5$«i i 5 

-in.: AcomatJtfcsr* «t :Eisnru5. 

88P>3SS202£S203t±S-!f>y WrJWOgft # 

iofgiisi;in5J;?EEsn, — ^w^ss2oi. 

S204.S205 <hS206{;);&-* >7 'J V$^Jffl©g|i£0 

£ i > tb^SaE^i.^-LT h 5 Vi? X *T20!.T202, 
T203. T204,T205*jiSSa*?-nfni,. I,. I„ I.. 

i.i-rnii, isioig^[5]£©i()ftii#T»jc-5 1= 

BSJW(b-I) ©Sfltftf 2 fflffi 
I , = i + i(n-l ) + ( j - 1 . ) 

* LTl.-l.-2|-!«*2J-[i/A 

=2j-(l/A)(Ai-i.(n-D) 
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= j M „ <n-l )/A 
•5-*t&I.=2Hi<n-l)-<j + i,(n-l)/A) 
=iti(n-l)-i 0 (n-l)/A 

li-gJtldMi 

=2j+i(n)-( j+l(a-I)-I 0 Cn-l)/A) 

=jti(n)-i(n-l)+ i 0 (n-I)/A 
* L-C!,=l,/A=(Ai-i,(n)>/A=J-i,(n)/A 
■€-nSfcjti(n>-i(n-l) + i,(n-l)/A 

= j- i o(n )/A 
*ftfti(n)-i(n-l)=-(i.(n)H.(n-l))/A 

i{z)(l-z-')=-i,(z)(Hi- l )/A 

«ntti(i)— Ad-t-^/dtr*) 


^ L'T*5i<> f&Oii J /bOlhfj'f "y \i — y 

> z&tSMZ itz> tub izft x>r- ko s 5 >yx 

n f- + */Ha#3b& h 5 > X ?T100© K L"f > 
H&i&flP^fSSlOl© I JSi-JS^^tlSJg^ 100 
^ftitui. h -5 vi>x ?Ti0O©v-x^g(;i 

v-xtma<&©t&mftioi icj$«s$nsn^t 

*/l>m#S!l£ h 5 > i>X*T101© Kl/-f 
gRSftTUS, MBBSS101©fliUg(i h 5 >i>X 
^TlOloy- h^gi . n ^ + (. 5 

>s>x?Tio2©y- hmffii, teJS*<fe©tssfs 

101 ^iajtli a >f* >lfC101© 1 JSgi^gE 
*tlTl>S„ >*X?T102©7-xm£<i£ 

©£H&ioi ~>&&$*u -£*© KU"f 

(in f L + *;P«S?JEdS h 7 >i>x^n03©V-X 
mS^ffigSSnTU 5. Y5 > i*X^Tl03© KU 
-< >mffili V -xm<£A<iE©*&m8&102 
^4pf t *;H6#5»S h3 > i>X:?T104© K U 


>t y- tm&.iz&teisn-z h5>-yx 
*Ti04©y- hmgii y-x^a*<iE©i&mi&io2 

? >-^x^tio6© Ku-r Hw^gssns 

p ^ + */utg#afr£: h ^ >-yx:?Ti05©y- hS 
gi;i«sti-n>5. h f >yx*Ti06©y-x 
«Bffi»*&©i&mf&ioi jc»«E$n, -^^(Df- 

Y 5 Vi>X?T100£T103©*- hftff K 

t5, GflBr8St0lrt<fflU*n*£A*n00 KWfia 
S>x*T10l©Y-h • y-xSffi£T£S$tt<5. 

>i>x*Tioi©m«ui f- 5 > yx^Tioo©y 
- nafc^smsns^ 7x«be£?b±i-s/< 

-fTXlESiiig* h 5 >-yx*T103^$>T106£ 
<*: tjKJglfc-f -5 h 5 > i?X^Tl02»c 5 5 

Tioiis««tas4 L-cS&ttL, r- h • y-x«ta 
*<3 ^>*cioHcs^i*tfc tnc 


U4; 


■ffiffl-T J — 1 U U / » 4 


f> n Ri s s i o i *< m t £ n t v b# £ l; ^ it * & 

*fc«l^*n5 3t'5a. 3 V-r >1»-C101ti h 5 > 

tbias22i4oi8 ^-(phb 33426) £#n*n*:i,>. 

* V */l/©A?j£J&j£L* B9PBSS10I*< 

Sll(b)0ttn ^ + *;t*m??5as J- 5 y y x^ti 
Tiio©v - x®&ii;ft©te«&iii fcj£e<**i x 
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»fiFKi»LA>j**«A*iio k»«s tu m 

HSSlIO*<BU£ft*l*@»ttAfl*»l=lt«*- 

-5Hi^ii2 Tf8£-r**7jiiaiE£*r-r*ii#©m 

> *X?T110£Tlll©*a*tWAi5 * Jc«c#-T5. 
I^B#jc h -5 >yx?Tlllifoy- h • 7-XRSi 
SftT &£<ii Lgi|K^/S£ttfc3 >:f viflcj; 9 
ttAStffctiT fcJ;^3>r>-^CllHib7>y 

x*Tin©y-> • v-*nu*tt* T?a*stts. 
B8fflSSi!0*<W*-ns t 3 v-f v^ClllomiSiti 
h 7 >v>X>-Tlll©y- h • 7 -Xf31 

c t> n fc t m t ft <c & f# * n ^ m. m z s c * * 

B^^*Md^tii^A< b 7 > i>X :? Till© Haiti 
gm<c)E|li K U-f >^^^n ^ + * /l^^S 


^♦^^m^^a h 7 v^x^mocy-xmif 
^«fifc3HsA?Jl20 *Wf*mtf£y * 'J -te-ynfr 
f LTl'5„ h 7 >i>X:?Tl21©7-x^®(i£. 

©&m«&i2i jc^ei^n, 

»l© nf- + *;H«##lS h 7 Vi>X?Tl22©Y- 
mSC|«6l!*nTU«. >:>X*T121© K 
U-T >«&li*©y- hS«KSflfflgSl21*^L 

^ >-7*>-9-ci2itt h-5 >i>x 

h 7 >yx^Ti22©y-xmffi(i^©l&«lfti2i 

311*$** > v>X:*Tl23© KH 1 >£Y- h« 
ttTU*. h 7 >*X?T123©7-X 

«ffitt«^i22 icte^sn, ->&*©y- hmffi 

I* h7 >i>X*T120©r- f-«ffi^MfflSS120* 
teMI3flgSl20£S121fcJ:tf =» >-f v-*C121£fitx. 


5C1 iicj: fiMffl 
SS120£S121A<mi;t>n5KJ{dxA^<!: LT, N 
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